Introduction
Uterine leiomyosarcomas (uLMS) are rare malignant tumors arising within the myometrium, and account for 1%-2% of all uterine corpus malignancies; however, cervical localization of uLMS has also been reported. [1] [2] [3] These represent the most common subtype of uterine sarcoma, with a stable incidence over the past three decades. 4, 5 Prior pelvic irradiation, use of tamoxifen, and African-American ethnicity have been reported to increase the risk of uLMS.
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In contrast to uLMS, uterine leiomyoma (uLM) is the most common gynecological pathology, affecting up to 80% of the female population. 9 Although possible progression from uLM to uLMS has been postulated, the risk of malignant transformation of uLM is low, accounting for less than 1% of all cases. Recent clonality studies have confirmed that most uLMS arise de novo. [10] [11] [12] Proven clinical and pathological prognostic factors for uLMS are age, stage, grade (G), and mitotic index (MI), whereas prognostic biomarkers have not been consistently shown. 5, [13] [14] [15] Changes in the expression of Bcl-2, an anti-apoptotic protein, have been reported in several malignancies, including breast and cervical cancers, ovarian malignant epithelial tumors, endometrial carcinomas, as well as in uLMS; these tumors also show downregulated p53 and caspase-9 expression. [16] [17] [18] [19] [20] [21] [22] Caspases (cysteine-aspartic proteases) can be activated via the mitochondrial or cytoplasmic pathways and as a result of cellular oxidative stress; their activation leads to activation of DNA fragmentation factors (DFF) in the nucleus, which are directly responsible for DNA fragmentation and cellular apoptosis. 23 The DFF complex exists as a dimer composed of DFF40 (caspase-activated DNase; CAD) and DFF45 (inhibitor of caspase-activated DNase; ICAD). 24 After DFF45 cleavage by caspase-3, the active form of DFF40 is released, which promotes DNA fragmentation (DNA laddering). 24 However, DFF45 is not a simple inhibitor of DFF40, as its presence is essential for the proper folding of DFF40 into the active protein. 24 The association between expression of these proteins and prognosis in various tumors has also been investigated. According to Hwang et al, Bcl-2 expression was a strong favorable prognostic factor in the HR(+)/HER2(−) subtype of breast cancer and a marginally significant favorable prognosticator in the HR(+)/HER2(+), but had no prognostic impact on other subtypes. 29 In contrast, no significant correlation was seen between Bcl-2 expression and clinicopathological parameters of colorectal cancer. 26 Lack of Bcl-2 expression was also shown to be an independent predictor of poor prognosis in endometrial cancers. 30, 31 In human uterine smooth muscle tumors, a significantly lower Bcl-2 expression was observed in leiomyosarcomas than in leiomyomas, and positive Bcl-2 expression has been proven to be an independent predictor of favorable prognosis in patients with leiomyosarcomas. 32 Decreased DFF45 expression has been observed in renal, colorectal, and esophageal cancers, and it has been postulated that its downregulation (although unexpected at first glance) may play a role in tumor escape from apoptosis and may promote tumor progression and metastasis. [33] [34] [35] The aim of this retrospective case-control study was to evaluate the expression of DFF40, DFF45, and Bcl-2 as potential prognostic biomarkers in uLMS.
Materials and methods case selection
In this retrospective study, 57 patients with primary uLMS were identified between 2000 and 2015. Inclusion criteria were patients older than 18 years with pathologically confirmed primary solitary uLMS; their histological diagnosis was reevaluated and confirmed. Patients who had additional malignancies, were smokers, had received hormonal treatment (including hormonal contraception) over the past 5 years, had been diagnosed with smooth muscle tumors of uncertain malignant potential or cellular and bizarre leiomyoma, or had missing clinical data were excluded. Finally, 53 uLMS cases were compared with 53 age-matched cases of solitary uLM and 53 matched cases of normal human uterine myometrium (uM). In cases of uLMS and uLM, additional myometrial samples were obtained at least 20 mm away from the primary tumor.
Every uLMS was staged according to the International Federation of Gynecology and Obstetrics (FIGO) 2009 classification, and the tumor grade and MI were calculated for all uLMS as the number of mitoses in 10 consecutive high-power fields (hpf) at 400× magnification that were also analyzed. Patients with stage I and II uLMS underwent total hysterectomy with bilateral salpingo-oophorectomy (BSO) and pelvic lymph node biopsy, whereas those with stages III and IV disease underwent complete cytoreductive surgery, which allowed us to obtain archive specimens of uLMS tissue and concomitant uterine myometrium. Women with uLM underwent supracervical hysterectomy with bilateral salpingectomy or salpingo-oophorectomy, if clinically justified, to obtain uLM and related uterine myometrium specimens. Additionally, uM was obtained from patients who suffered from recurrent or persistent cervical dysplasia with no otherwise diagnosed myometrial pathology, and total hysterectomy was undertaken as the final treatment. All specimens were collected premenstrually, in the first phase of the menstrual cycle, which was confirmed using histopathological examination of the concomitant endometrium. Clinical data were retrieved from medical files.
immunohistochemistry Detailed immunohistochemistry protocols have been presented in earlier reports. 36, 37 In brief, 3-µm sections of selected tissues were deparaffinized and rehydrated, then incubated 
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Predictive value of DFF40/DFF45 and Bcl-2 in uterine leiomyoscarcomas in a target retrieval solution (Dako, Carpinteria, CA, USA) for 15 min at 98°C. They were then incubated with 3% hydrogen peroxide in methanol for 10 min, and washed with TRISbuffered saline (pH 7.5) for a further 10 min. The sections were incubated with diluted normal serum as a blocking solution for 30 min. A standard immunohistochemical technique was performed using rabbit polyclonal antibodies to DFF40 (Abcam, Cambridge, UK) (1:100 dilution) and DFF45 (Abcam, Cambridge, UK) (1:50 dilution), and a monoclonal mouse anti-human antibody to Bcl-2 (1:200 dilution; Leica Microsystems GmbH, Leica Biosystems, Nussloch, Germany). Colon carcinoma (for Bcl-2), breast carcinoma (for DFF45), and ovary tissue (for DFF40) were used as positive controls. For the negative control, the same specimens and methods were used, but the primary antibodies were omitted.
immunohistochemical scoring DFF45, DFF40, and Bcl-2 staining was blindly and independently evaluated by two board-certified pathologists in 5 hpf of maximal staining intensity. The Remmele and Stanger immunoreactive score was used, and each sample was scored based on the intensity of staining (0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining) and the number of stained cells (0, expression in up to 10% of the cells; 1+, expression in 10%-50% of the cells; 2+, expression in 51%-80% of the cells; and 3+, expression in more than 80% of the cells). 38 The final immunoreactivity score was determined by multiplying the intensity scores by the extent of the positivity scores of the stained cells. A discrepancy between the observations by the two pathologists occurred in 18 (2.74%) cases, and the samples were verified again 2 weeks after the primary evaluation to prevent recall bias. In all cases, a consensus was achieved and no samples required exclusion from the analysis.
statistical analyses
Clinical features presented non-normal distributions (confirmed using the Kolmogorov-Smirnov test) and are presented as the medians and interquartile range (IQR) or rough number and percentage (%). They were compared using the MannWhitney U test, or the Kruskal-Wallis analysis of variance test, depending on the number of groups. Post hoc tests were used where appropriate. Immunohistochemical scoring of tissue specimens was evaluated using the chi-square test. 39 Data from the immunohistochemistry results are presented as numbers and percentage of immunoscoring. Spearman's rank test was used to determine the correlation of immunoscoring and pathological features. A Kaplan-Meier survival curve was prepared according to the DFF40, DFF45, and Bcl-2 expression status. Cox's proportional hazard model was used to identify survival predictors, and the Cox-Mantel test was used to compare overall survival (OS) (defined as the period between initial surgery and the time of death) and disease-free survival (DFS) (defined as the period between initial surgery and the time of recurrence). To evaluate the intra-rater agreement of the immunohis tochemistry results, the intraclass correlation coefficient (ICC) for a single histopathological evaluation with a 95% confidence interval (CI) was calculated. To randomize patients who underwent evaluation for intra-rater agreement, we used the Research Randomizer (www.randomizer.org), and 55 (20.91%) samples were chosen and reevaluated separately for DFF40, DFF45, and Bcl-2 after a 2-week interval from the primary evaluation to prevent recall bias. The Guidelines for Reporting Reliability and Agreement in Studies were used to verify these results. 40 A p-value of less than 0.05 was considered significant. All calculations were conducted using STATISTICA version 12.0 (StatSoft, Inc., Tulsa, OK, USA) and MedCalc Statistical Software version 17.0.4 (MedCalc Software bvba, Ostend, Belgium).
ethical approval and informed consent
This retrospective, case-control study was approved by the Jagiellonian University Review Board (decision no: 122.6120.360) with the required informed consents from participants. All procedures were carried out in accordance with the ethical standards of the institutional and national research committees and in the spirit of the principles of the 1964 Declaration of Helsinki and its later amendments.
Results
clinicopathological variables
The median age of the 53 patients with uLMS was 51 years (IQR 8). The number of cases with each FIGO stage was as follows: 27 (50.95%) with Stage I, 5 (9.43%) with Stage II, 12 (22.64%) with Stage III, and 9 (16.98%) with Stage IV. The tumor grading (G) was as follows: G 1 6 cases (11.32%); G 2 10 cases (18.87%), and G 3 37 cases (69.81%), with a median MI of 37.00 (IQR 30.00; range 12.00-123.00). The median OS was 58.00 months (IQR 54.00; range 6-155) and the median DFS was 31.00 months (IQR 34.00; range 2-155). As cases were matched according to age and menopausal status, there were no differences in the last two factors. The control group showed a significantly higher mean age of menarche compared with women with uLMS (p=0.002) and uLM (p=0.012; 
DFF40, DFF45, and Bcl-2 expression in uterine leiomyosarcomas
Bcl-2 showed cytoplasmic localization, while both DFF40 and DFF45 showed a nuclear pattern of expression (Figure 1 ). Only seven (13.21%) uLMS tissues had moderate expression of DFF40 and three (5.66%) showed moderate expression n/a n/a n/a grade, n (%) 1 2 3 6 (11.32%) 10 (18.87%) 37 (68.81%) n/a n/a n/a
Median primary tumor size, cm (iQr); min-max 5.00 (7.00); 2.00-15.00
6.00 (2.00); 3.00-13.00
n/a 0.733
Mitotic index, no of mitoses per 1 high power field, n (%) 50 50
n/a n/a n/a adjuvant treatment, n (%) none radiotherapy (rTh) chemotherapy (chT) combination of rTh and chT
n/a n/a n/a 
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Predictive value of DFF40/DFF45 and Bcl-2 in uterine leiomyoscarcomas of Bcl-2. High expression of the studied proteins was absent from all uLMS samples (Table 2 ). DFF40 expression in uLMS was significantly lower than that in both uM (p0.001) and uLMS-M (p0.001). Similarly, DFF45 expression in uLMS was significantly lower than that in uM (p0.001) and uLMS-M (p0.001; Table 2 ). Bcl-2 expression in uLMS specimens was also significantly lower than that in uM (p0.001) and uLMS-M (p=0.001; Table 2 ). In uLMS specimens, no correlations between DFF40 and DFF45, Bcl-2 and DFF40, or Bcl-2 and DFF45 expression were observed. Bcl-2 showed a significant inverse moderate correlation with tumor stage (R =−0.368; p=0.007) and MI (R =−0.301; p=0.029), but not with tumor diameter or grade. DFF40 but not DFF45 correlated inversely with the MI (R =−328; p=0.016), whereas both DFF40 and DFF45 correlated negatively with the stage of the disease (R =−0.300; p=0.029; R =−0.301; p=0.029, respectively); however, their expression did not correlate with tumor grade. Women with uLMS that was negative for DFF40 and Bcl-2 staining showed significantly shorter OS than the OS of those whose specimens showed positive staining (p0.001 and p0.001, respectively), while there was no relationship between DFF45 expression and OS (Figure 2) . OS in patients with stages III and IV disease (p0.001), a G 3 tumor (p=0.016), and an MI over 50 was poorer (Figure 2 ). Similarly, patients whose specimens tested negative for DFF40 and Bcl-2 (but not DFF45; p=0.342) expression showed significantly shorter DFS (p0.001 and p0.001, respectively; Figure 3 ). Patients with advanced stages of disease and higher grades and MI also had poorer DFS (p0.001, p=0.028, and p0.001, respectively; Figure 2 ). Negative DFF40 and Bcl-2 expression, but not DFF45, were adverse prognostic factors for DFS and OS in women with uLMS. Further analysis showed that an advanced disease stage, high tumor grade, and elevated MI were associated with a reduction in OS and DFS (Table 3) .
DFF40, DFF45, and Bcl-2 expression in ulM
uLM showed marked nuclear expression of DFF40/DFF45 and cytoplasmic expression of Bcl-2 ( Figure 2 ). DFF40 expression in uLM was significantly higher than that in uM and uLM-M (p=0.001 and p=0.005, respectively; Table 2 ). No significant differences in DFF45 scoring between uLM and uM, nor between uLM and uLM-M were observed (Table 2 ). In addition, uLM showed the highest Bcl-2 expression, as compared with uM (p0.001) and uLM-M (p0.001). In uLM, we found a significant positive correlation between DFF40 and DFF45 expression (R =0.388; p=0.004) and between DFF40 and Bcl-2 expression (R =0.630; p0.001); however, there was no correlation between DFF45 and Bcl-2 expression. Bcl-2 expression correlated positively and significantly with the diameter of the leiomyoma (R =0.435; p0.001).
DFF40, DFF45, and Bcl-2 expression in uterine myometrium
Myometrial samples showed a nuclear pattern of DFF40/ DFF45 and cytoplasmic of Bcl-2 staining. Only four (7.55%) samples of the control uM were DFF40-negative, whereas 30 (56.60%) presented with low, 16 (30.19%) with moderate, and three (5.66%) with high DFF40 expression. Similarly, Figure 1 Weak DFF40, DFF45, and Bcl-2 expression (400×) in uterine leiomyosarcomas (red arrows) compared to strong DFF40, Bcl-2, and moderate DFF45 expression in uterine leiomyomas (blue arrows). Abbreviations: DFF40, Dna fragmentation factor 40; DFF45, Dna fragmentation factor 45; Bcl-2, B-cell lymphoma 2 protein.
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Banas et al uLMS-M and uLM-M showed predominately low and moderate DFF40 expression and scantly low and high expression ( Table 2) . No significant differences were observed in DFF40 nor DFF45 scoring between uM, uLMS-M, and uLM-M (Table 2) . Bcl-2 showed mainly moderate expression in uM and uLM-M, and low in uLMS-M (Table 2) . No significant differences were observed in Bcl-2 expression between the uM, uLM-M, and uLMS-M groups.
In uM, a moderate positive and significant correlation between DFF40 and DFF45 expression was observed (R =0.762; p0.001), with no correlation between Bcl-2 and DFF40 or Bcl-2 and DFF45. In uLM-M, a strong positive and significant correlation between DFF40 and DFF45 was also proven (R =0.893; p0.001), with no association observed between Bcl-2 and DFF40 or Bcl-2 and DFF45. Additionally, in uLMS-M specimens, the only correlation observed was that between DFF40 and DFF45 (R =0.703; p0.001).
Validation of the intra-rater reliability for immunohistochemistry scoring
An excellent intra-rater agreement was confirmed with regard to the immunoscoring of DFF40, DFF45, and Bcl 
Discussion
To our knowledge, a comprehensive investigation of DFF40 and DFF45 immunoexpression along with Bcl-2 staining in leiomyosarcomas and leiomyomas of the human uterus has not been reported previously. Many studies have confirmed Bcl-2 underexpression in uLMS and have identified it as a predictor of poor OS; in contrast, uLM shows increased expression of this protein. 17, 32, [41] [42] [43] Our outcomes confirmed that the highest Bcl-2 expression was present in uLM, and the lowest in uLMS. Similarly, Bcl-2-negative uLMS cases presented with a significantly shorter DFS and OS. Additionally, uLM specimens showed a lack of correlation between Bcl-2 and DFF40 or DFF45 expression.
As we found no studies concerning DFF40/DFF45 expression in uLMS, our findings can only be discussed in the context of other malignancies. Both DFF40 and DFF45 Notes: Data presented as n (%). Uterine myometrium from hysterectomy specimens for leiomyosarcomas (ulMs-M); leiomyomas (ulM-M); uterine myometrium from hysterectomy specimen for leiomyomas (ulM-M) and uterine control. samples of ulMs-M and ulM-M were obtained 1 cm from the primary tumor margin. *immunoexpression was described as following: negative: 0; low: 1-2; moderate: 3-4; and high: 6-9. Abbreviations: DFF40, Dna fragmentation factor 40; DFF45, Dna fragmentation factor 45; Bcl-2, B-cell lymphoma 2 protein.
OncoTargets and Therapy 2017:10 submit your manuscript | www.dovepress.com
Dovepress
4585
Predictive value of DFF40/DFF45 and Bcl-2 in uterine leiomyoscarcomas were underexpressed in uLMS, and DFF40-negative cases presented with significantly shorter DFS and OS; in contrast, DFF45 expression was not a predictive factor of OS or DFS. Sánchez-Osuna et al reported that DFF40-deficient highgrade glioblastomas showed incomplete apoptosis, despite the correct activation of executioner caspases. 44 Bagheri et al reported that DFF40 overexpression sensitized breast cancer cells to doxorubicin, concluding that modulation of DFF40 levels may be a beneficial strategy for treatment of chemoresistant cancers. 45 Additionally, Boon and Sim reported that the overexpression of only DFF40 in nasopharyngeal carcinomas did not result in increased apoptosis of head and neck squamous carcinoma in response to oxidative stress, as DFF45 was required for proper DFF40 folding. 
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Banas et al inhibitor of DFF40 and, thus, the lack of an inhibitor should result in increased activity of DNAse. However, it is important to note that DFF45 also acts as a chaperone for DFF40 and its presence is mandatory for proper DFF40 folding, which is, in turn, essential to the functional activation of DFF40. Errami et al proved that DFF45-negative colon cancer cells were more resistant to apoptosis than was normal colon tissue. 35 Furthermore, Konishi et al showed that esophageal squamous cancer cells exhibit abundant DFF45 expression, which correlated negatively with tumor grade and enhanced lymphatic spread. 34 The only study to investigate DFF45 expression in gynecological malignancies, conducted by Brustmann, showed that DFF45 upregulation in serous ovarian cancer was correlated with aggressive tumor behavior. 47 Another study 
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Predictive value of DFF40/DFF45 and Bcl-2 in uterine leiomyoscarcomas seems to be abrogated at earlier levels of the apoptotic cascade, before activation of DFF40/DFF45, and Bcl-2 overexpression can enhance these mechanisms. Second, an exclusive increase in DFF40 expression, without a DFF45 increase, may be not sufficient for proper DFF40 activation, as the presence of DFF45 is essential for DFF40 to acquire its biological function. Unbalanced DFF40/ DF45 expression may be another mechanism allowing leiomyoma cells to escape apoptosis. In uLMS, significant decreases in DFF40 and DFF45 expression seem sufficient to prevent DNA laddering. Under these circumstances, functioning of factors involved in transmitting of pro-and anti-apoptotic signals (including low Bcl-2 expression) seems secondary.
In this study, we confirmed that DFF40, DFF45, and Bcl-2 underexpression in uLMS can enhance apoptosis dysregulation. Moreover, in malignant tissues, no correlation was found between DFF40 and DFF45 expression. Dysregulation of DFF40 and DFF45 expression may be another mechanism underlying cell escape from apoptosis, as the presence of DFF45 is mandatory for proper DFF40 function.
The main strength of the study is that it provides a comprehensive analysis of DFF40 and DFF45, simultaneously with Bcl-2 evaluation, in uLMS. We correlated DFF40 and DFF45 expression with clinical malignancies and pathological features, showing that DFF40 and Bcl-2, but not DFF45, may serve as independent prognostic factors of DFS and OS. Moreover, protein expression in uLMS was not only compared with their expression in normal human myometrium, but also with cases of leiomyomas and myometrium from corresponding cases. In this analysis, no differences between case and control myometrium were seen in DFF40, DFF45, and Bcl-2 expression; these observations agree with the clonal theory of uLMS and uLM, which confirms the very low risk of malignant transformation of uLM. also showed increasing DFF45 immunoreactivity from normal endometrium through normal endometrial and atypical hyperplasia to endometrial adenocarcinomas. 48 The results of DFF45 expression in different malignancies are inconclusive. In our study, we observed altered DFF45 staining in uLMS that correlated only with the stage of the disease, but did not influence DFS or OS.
Apoptosis is mainly triggered by either membrane death receptors or via the mitochondrial pathway, involving activation of many proapoptotic proteins and deactivation of anti-apoptotic factors. 49, 50 Furthermore, under persistent exposure to damaging agents, the endoplasmatic reticulum can initiate apoptosis through calcium release and activation of caspase 12.
51 These mechanisms activate a cascade of caspases that exist mainly in the cytosol as pro-enzymes; a cross-talk between apoptotic factors then finally results in caspase-3 activation that cleaves DFF45, releasing DFF40, which is directly responsible for the last step of apoptosis: DNA laddering. 24 Increased Bcl-2 expression in leiomyomas may explain an uncontrolled tumor proliferation, and confirms the monoclonal hypothesis of uterine fibroid formation. 9 In contrast to high Bcl-2 expression, we would rather have expected decreased DFF40 levels in uLM, as this protein results in the DNA damage. In uLMS, low levels of DFF40 were intuitively predicted, although we expected higher levels of Bcl-2 as an anti-apoptotic protein. These apparently inconsistent and counterintuitive results are in agreement with other reports showing increased expression of some oncogenes in benign proliferative disorders and their depletion in malignancies. 27 Based on these findings, we hypothesize that benign tumors and malignancies may have developed different mechanisms to avoid apoptosis. In uLM, Bcl-2 overexpression seems important for preventing cells from undergoing apoptosis. High DFF40 levels make leiomyoma cells more susceptible to apoptosis; however, the proapoptotic signal 
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The use of immunohistochemistry, which is a semiquantitative method, may be considered a potential limitation of the study, especially for comparing DFF40 and DFF45 expression in the same tissue. We acknowledge that an immunostaining analysis is subjective and, for that reason, each sample was evaluated by two highly experienced pathologists. This methodology is widely accepted and has been employed by many other studies for investigating the expression of DFF45 and Bcl-2. [25] [26] [27] [28] [29] 32 As complete inter-rater agreement was achieved, the intra-rater disparity was the only potential bias in our sample assessment. However, as this disparity showed an almost-perfect correlation, intra-rater bias can safely be excluded.
Conclusion
This current study provides important evidence regarding the underexpression of DFF40/DFF45 and Bcl-2 in uLMS, and shows that DFF40 and Bcl-2 may serve as prognostic factors for DFS and OS. This comprehensive evaluation provides more insight into other findings concerning DFF40, DFF45, and Bcl-2 expression in malignancies.
